Purpose: The study sought to determine Canadian radiology resident perception of and interest in global health imaging (GHI) and the barriers they encounter in pursuing GHI experiences during residency training. Methods: A peer-reviewed, online, anonymous, multiple-choice survey was distributed to Canadian radiology residents at English-language programs. Results: Fifty residents responded to the survey (w16% response rate); 72% of respondents perceived an unmet need for medical imaging in the developing world. A majority of residents (60%) would have been likely to participate in a GHI experience if one had been available during their residency; 65% planned on pursuing international outreach work as future radiologists, 81% of whom with on-site collaboration in education and training of local staff. However, 82% of respondents were uncertain or believed they would not be adequately prepared to help improve access and availability of medical imaging services in developing countries upon completion of residency. Overall, residents believed a GHI program would increase their knowledge of infectious diseases, increase their exposure to diseases at advanced stage presentation, enhance their knowledge of basic imaging modalities, and improve their cultural competence. Lack of information about opportunities, lack of funding, and lack of infrastructure were ranked as the most important barriers to participating in a radiology rotation in a developing country during residency. Conclusion: While many Canadian radiology residents are interested in participating in GHI, their preparation to do so may be inadequate. Formalizing international GHI rotations may alleviate barriers impeding their pursuit.
Global health interest among medical students and postgraduate trainees across disciplines is increasing in North America, with nearly 25% of medical graduates having acquired international experience prior to beginning residency training [1, 2] . In the United States, international clinical rotations are offered by 52% of pediatric [3] and 71% of emergency medicine programs [4] . Data from a national survey of American general surgery programs revealed that of the 29% of respondents, 86% offered international clinical rotations, and 33% offered educational activities in global health [5] . The increase in international opportunities for residents in various disciplines likely mirrors the interest in global health among residents. For example, previous surveys of Canadian otolaryngology residents, and American anaesthesiology residents revealed that 32% [6] , and 91% [7] of the respondents were interested in global health initiatives, respectively. Furthermore, among medical educators, there is growing consensus that medical education should include global health [1e8] .
As medical student interest in global health continues to grow, the integration of international health curricula and opportunities into postgraduate training may become a more important criterion when selecting a residency program. Only 1 study has addressed global health training in radiology residency, and it only included American postgraduate trainees [8] . Interestingly, it revealed American radiology residents' demand for global health training was unmet, and the supply of available global health imaging (GHI) experiences was deficient [8] . Furthermore, it uncovered that more than half of American radiology residents' postgraduate training program choice potentially would have been influenced if it had international health training opportunities [8] .
Canadian radiology resident interest in GHI remains unknown. The purpose of this study was to investigate Canadian radiology resident interest in, and the barriers they encounter in pursuing international health in radiology.
Methods
This study was fully approved by the university research ethics board. A survey of radiology residents in Englishspeaking Canadian radiology residency programs was conducted. Factors included in the questionnaire were identified based on discussion among study team members, and on the published literature. The main survey questions were reviewed by 2 radiologists and 1 radiology resident for content and a nonphysician for clarity. The study was pilot tested with 3 residents and revised for clarity and ease of use to minimize potential ambiguity in the questions. Respondents provided demographic data and were asked questions relating to prior international volunteer experiences (health and nonehealth related). The main survey questions (Appendix) addressed residents' perceptions on the state and unmet needs of medical imaging in developing countries, their interest in GHI, the development of an ideal GHI curriculum, and the role of Canadian radiologists in developing countries.
All 13 English-language Canadian radiology residency programs were invited to participate in the anonymous online survey hosted on SurveyMonkey.com in 2014. The program coordinator for each residency program was asked to distribute the invitation to participate in the survey to their residents, via email, which contained a link to the online survey. Approximately 320 English-language residents would have been able to participate in the survey.
Survey percentage confidence intervals were calculated at 95% confidence level using the approximated total Canadian English-language radiology resident population of 320 estimated from the Canadian Resident Matching Service.
Results
There were 50 survey respondents from 10 radiology residency programs, for a response rate of approximately 16%. Not all respondents answered every question. Respondent demographics are listed in Table 1 . Twentyeight percent (14 of 48) of respondents had previously worked or volunteered in the developing world, all of whom had done so prior to residency. Of these, half had done international medical work and half had worked in public health. Thirteen individuals (93%) had participated in fields outside of radiology. The 1 individual who had completed an international experience in radiology during medical school did so during vacation time and personally funded the experience. 
Perspective on Radiology in the Developing World
Seventy-two percent (31 of 43) of respondents perceived an unmet need for medical imaging services in the developing world and 79% (34 of 43) of respondents believed the need would increase over time. Residents believed radiography, ultrasound, and computed tomography were the most important and useful modalities in the developing world, in decreasing level of importance ( Figure 1 ). Eighty-eight percent (36 of 41) believed fetal imaging had the most important imaging application and required attention in the developing world ( Figure 2 ).
GHI Interest and GHI Training Opportunities in Canadian Residency Programs
As a future attending radiologist, 65% (26 of 40) of respondents planned on pursuing international work in medical imaging with on-site collaboration in educating and training of local staff (81%), and local residents (69%), by performing teleradiology (65%), and in helping with technical planning (42%). However, only 12.5% (5 of 40) of respondents stated that their training program offered an international radiology rotation, and only 5% (2 of 40) stated that their training program offered GHI-related research opportunities in a developing country. Most residents, 60% (24 of 40), stated their residency program offered no GHI curriculum. The majority of residents, 82% (35 of 43), were uncertain or felt they would not be adequately prepared to help improve access and availability of medical imaging services in developing countries upon completion of residency.
GHI Experiences: Benefits and Barriers
Sixty percent (26 of 40) of respondents would have been very likely or likely to participate in a GHI experience had one been available in their residency program. Of 35 residents definitely or possibly interested in pursuing GHI experiences, 97% (34) were interested diagnostic radiology, 46% (16) were interested in interventional radiology, and 34% (12) were interested in GHI-related research. Residents believed the ideal duration for an international rotation was 2-4 weeks (51%, 20 of 39) or 4-6 weeks (36%, 14 of 39). Several other approaches to developing a GHI curriculum were perceived as useful, including case presentations or grand rounds on diseases highly prevalent in developing countries, and teleradiology (Table 2) .
Exposure to disease entities prevalent in developing countries on different modalities (eg, tuberculosis, HIV-or AIDS-related complications, malnutrition, fetal malformations), exposure to imaging various diseases at advanced stage presentation, and direct hands-on involvement in patient care with imaging screening (i.e. fetal ultrasound) were perceived as the top 3 benefits to residents from GHI experiences. Health advocate, collaborator, medical expert and communicator were perceived as the most relevant Can-MEDS competencies [9] to international radiology rotations by 97%, 92%, and 87% of residents, respectively ( Figure 3 ).
Ninety-three percent (37 of 40) of residents were unaware of potential funding sources for an international radiology rotation. Lack of information about opportunities, lack of funding, and lack of infrastructure were ranked as the most important barriers to participating in a radiology rotation in a developing country during residency (Table 3) .
Discussion
Globally, approximately 3-4 billion individuals, 500 million to 1 billion of whom are children, lack adequate access to radiologic services [10] . The World Health Organization reports the incidence and prevalence of noncommunicable diseases, such as cancer, cardiovascular disease, and trauma, are rising [10, 11] . Global health programs addressing AIDS-related disease, tuberculosis, maternal-fetal medicine and maternal-infant health care, trauma and traumatic brain injury, and breast cancer screening, rely on imaging. Canadian radiology residents are aware of the inequities in access to imaging services and recognize the need for imaging services will increase over time. A significant challenge in narrowing health inequities globally relates to the profound shortage of imaging services in the developing world [10, 11] . Previous efforts attempting to rectify this deficiency have been impeded by a dearth of trained personnel, general disinterest, nonsustainable programs, and a paucity of available equipment [8, 12] . Establishing international exchange partnerships and electives have been suggested as ways to help overcome the disparity and unmet need in other specialties [13] to facilitate cross-cultural exchange of information and to improve quality of care [14e16] .
International rotations can complement residency training at one's home institution and supplement gaps in knowledge and exposure. In surgery, international rotations have provided senior residents with high case volumes, and increased diversity of cases [17] . During an international rotation, radiology residents would be exposed to advanced stage presentation of neoplastic and nonneoplastic disease, both of which can lead to uncommon complications with interesting imaging appearances rarely seen in North America. In the developing world, ultrasound examinations are performed by the radiologist, as there are no sonographers. As a result, trainees are forced to become comfortable rapidly making complex diagnoses, such as visceral pseudoaneurysms and lacerations after road accidents in unstable trauma patients. The increased reliance on technology and medical imaging in the developed world has contributed to the decline of trainees' aptitude in the realms of history taking and physical examination of patients [18] . Working in a resource-poor environment, radiology residents could not be reliant on cross-sectional imaging, and they would be obliged to become confident with making challenging diagnoses on basic imaging modalities, such as radiography and ultrasound. All of these challenges are unique to an international rotation, and they provide distinctive educational opportunities, furthering a resident's competency in the CanMEDS medical expert role. Working in a low-income setting would force residents to be even more cost conscious and aware of health resource allocation, both of which are becoming increasingly applicable to practicing radiology in Canada, where there are unsustainable rising health care costs. Experience in this is area is central to the CanMEDS manager or leader role. By directly interacting with patients while performing ultrasound examinations, having good bedside manner, and being sensitive and respectful towards different cultures are invaluable. Moreover, given the likely language barrier, trainees have the opportunity to develop their nonverbal communication skills. These experiences directly relate to the CanMEDS communicator and health advocate roles. Furthermore, these experiences have been found to have intrinsic value to both the trainee and the international community served [19] . As well, it has been suggested that upon return from international health electives residents continue to bear witness of their experiences to not only peers and colleagues, but also nonmedical individuals, thereby increasing public awareness and international aid for global health initiatives [1] . Canadian radiology residents' lack of knowledge regarding international opportunities and funding as well as the lack of established infrastructure were perceived as the top barriers to pursuing a GHI rotation abroad. Similar to our study, funding and a lack of opportunities were the main barriers to implementing international elective opportunities for American radiology [8] and orthopaedic surgery [20] residents. This is distinct from anesthesia [7] and other surgical residents [21] in the United States, who perceived work scheduling conflicts as the biggest barrier to international training. Numerous specialties have overcome similar challenges by formally developing and integrating international global health experiences into their training curriculum [5, 22, 23] . For example, Brigham and Women's Hospital general surgery program created a specialized global health track for residents to develop future academic leaders in the field [24] . In contrast, the majority of Canadian radiology residency programs have neither an established GHI curriculum nor established international radiology electives with partner hospitals abroad. Establishing a month-long period without on-call responsibilities would require support from the program, program director, and other residents. A lack of infrastructure or established program presents an interested resident with even more challenges, including having to search for opportunities and find faculty to provide oversight and mentorship both at their home institution and abroad. Creating partnerships with hospitals abroad would facilitate opportunities for teleradiology, which could be integrated into residents' rotations. Additionally, they would create an avenue for knowledge sharing and developing GHI-focused grand rounds within a GHI curriculum. While an international rotation is a unique experience and is central to global health outreach, these aforementioned strategies would enable residents to gain GHI training at their home institution.
Participation in international experiences has been found to be predictive of continued academic research and clinical service contributions in the developing world, among plastic surgery [19] and emergency medicine [25] trainees. Given that 65% of respondents wanted to participate in international radiology outreach work in their future careers, it is imperative that radiology residency programs consider the importance of creating infrastructure for international outreach during training. By establishing partnerships with hospitals in the developing world and fostering resident interest in GHI during their training, there is the potential to positively influence the impact that can be had on imaging training and advances in the developing world. In radiology, early involvement with a faculty mentor and developing international contacts have been recognized as being crucial for project planning for GHI experiences for radiology residents [26] . Because most Canadian residency programs do not have established international elective opportunities, issues such as a lack of funding, program support, and call coverage may become magnified for residents interested in pursuing overseas GHI experiences. Furthermore, the absence of a national or regional Canadian GHI group makes it difficult for interested, self-directed residents to find opportunities. RAD-AID International, an American-based international organization focused on improving radiology for poor and lowresource countries, has 46 chapters at Accreditation Council for Graduate Medical Educationeaccredited academic centres [27] . To our knowledge, no Canadian RAD-AID chapters exist. Remaining cognizant of Canada's small radiology network, joining efforts to develop regional Canadian RAD-AID chapters could be a starting point for creating formal GHI outreach for Canadian radiologists and residents. Moreover, partnering with RAD-AID chapters at American institutions that have implemented models for international electives [28] could help Canadian residency programs. In addition, seeking guidance from robust nonradiology global health training programs could be valuable. For example, for Massachusetts General Hospital to establish its Global Surgery Initiative, they surveyed departmental faculty, fellows, and residents to investigate their experience and interest, catalogued all global surgical efforts at their institution, established longitudinal partnerships with an academic department in a limited-resource setting in Uganda, and designed a curriculum with structured clinical, educational, and research opportunities for residents [29] . Recognizing that the smallest Canadian radiology residency program accepts 2 residents per year, it might be difficult to apply similar methodology to a single institution. However, it would certainly be feasible to synchronize collectively among program directors nationally to create a structured, GHI experience available to any interested resident, regardless of residency training program.
Study Limitations
While this study has a small sample size compared to a previous survey of American radiology residents [8] , it is important to note Canada's small population and much smaller number of radiology residents. Furthermore, our response rate of approximately 16% is significantly higher than the American survey's 6% response rate [8] . Nevertheless, this topic deserves attention, as Canadian radiology trainees have unmet needs with respect to GHI, and there are potential future implications for the training of radiologists in developing countries.
Conclusion
There is interest in GHI among Canadian radiology residents. Residents perceive numerous benefits to undertaking international electives in the developing world, including developing in the CanMEDS health advocate, collaborator, and medical expert roles. Residents believed GHI experiences would enhance their understanding of the imaging appearances of infectious diseases, diseases at advanced stage presentation, ability to interpret basic modalities, and cultural competence. Lack of information, funding, and infrastructure are the main barriers hindering residents from participating in GHI experiences abroad, and opportunities to pursue international radiology rotations should be made available to residents during their training.
